The composition of the demersal fish fauna of the Barents Sea, and the ranges of most of the fish species, have been relatively poorly known. From 257 bottom trawl hauls distributed in a uniform grid pattern over the southwestern part of the Barents Sea in summer 2000, all fish were identified. The sampled area included the Polar Front zone where warm Atlantic water meets cold (subzero) polar water. The material was used to map the distribution of the demersal fish species, and to analyse their distribution in relation to temperature, depth and salinity. Fifty-eight species were recorded. A fauna characterized by Gadidae and Scorpaenidae was found in the warmer part of the sea, whereas a cold-water fauna of mainly Cottidae, Zoarcidae and Stichaeidae was evident from the Polar Front zone and northwards. In logistic regression analyses temperature was the most important factor associated with the distribution of species (for 26 of the 27 species analysed), but associations with salinity (19 species) and depth (15 species) were also found. The mapping considerably revised the distribution in relation to previous knowledge for 37 species, and the new and more accurate range maps provided here may serve as baseline information for future monitoring of the fish fauna in the Barents Sea.
With its important fishing grounds, the Barents Sea is one of the well-researched areas of the oceans. However, the research on oceanography and fish stocks routinely carried out annually over many years, as well as special studies of parts of the ecosystem patterns and processes (see special issues of the journal Polar Research , volume 10, 1991, devoted to the "Pro Mare" project), have primarily been aimed at commercially valuable species (Fossheim et al. 2006) . Far less effort has been made to study the biology and occurrence of species of no direct commercial importance, yet these constitute the majority of the species found in the area.
The main sources of knowledge about the fish fauna in the area have been regional faunas and surveys (Andriyashev 1964; Hognestad & Vader 1979; Whitehead et al. 1984 Whitehead et al. , 1986a Pethon 2005) , and data on the distribution of certain fish species have been given in connection with taxonomic revisions (Chernova 1988 (Chernova , 1998 (Chernova , 2005a Chernova & Borkin 1993) . More recently, updates on newer observations have been published (Dolgov 2000 (Dolgov , 2004 (Dolgov , 2006 , and a classification of the fish assemblages has been made (Burgos 1989; Fossheim et al. 2006) . In spite of this, an ichthyological biodiversity survey based on full-scale species identification has been lacking for this productive and important sea.
During the fishery cruises carried out by the Institute of Marine Reasearch (IMR), Bergen, in the south-western part of the Barents Sea in summer 2000, a special effort was made to identify all fish species caught in bottom trawls, in order to obtain more precise information on the distribution of demersal fish in the area. With its relatively shallow waters (mostly between 150 and 400 m in depth) and soft bottom substrates, the Barents Sea is topographically uniform, whereas bottom temperatures vary over short distances as the warmer Atlantic water meets the cold Arctic currents (Loeng 1991) . A sharp gradient from above-zero to subzero temperatures is displayed along the Polar Front, which runs roughly diagonally from south-east to north-west across the area. Fossheim et al. (2006) indicated a change in the composition of the demersal fish fauna across the Polar Front in the Barents Sea. Sampling both sides of the Polar Front Barents Sea demersal fish I. Byrkjedal & Å. Høines zone, the IMR cruises in summer 2000 yielded material suitable for analysis of fish distribution in relation to presumably the most important environmental variables in the area. Here we report the distribution of demersal species based on the material from these cruises, and analyse the distribution of species in relation to oceanographic variables.
Material and methods
The cruises were conducted with the research vessels Michael Sars and Johan Hjort from 20 July to 19 August 2000, comprising 257 valid bottom trawl hauls in the area roughly within 70-76 ° N and 16-40 ° E (Fig. 1) . A Campelen 1800 shrimp trawl, with 40-m sweeps and a cod-end equipped with a 22-mm mesh size inner lining, was used throughout the sampling period on both vessels. The trawl carried a rockhopper ground gear (Engås & Godø 1989) and strapping was used to stabilize the opening of the trawl. Vaco trawl doors were employed (6 m 2 , 1500 kg), and the trawl was equipped with Scanmar sensors that measured the distance between the doors, the vertical opening of the trawl and contact with the bottom. The standard trawling time was 30 min at 3 knots. At 23 stations, however, a towing time of 15 min was employed.
Species were identified on board as far as possible. Individuals that posed identification problems were frozen and subsequently transferred to the Bergen Museum for taxonomic examination against specimens in the museum collections. Moreover, voucher specimens were taken to the museum for preservation and permanent storage. The main identification keys used were those of Andriyashev (1964) , Whitehead et al. (1984 Whitehead et al. ( , 1986a and Pethon (1998) , but special publications on Liparidae and Zoarcidae (Chernova 1988 (Chernova , 1991 (Chernova , 1998 (Chernova , 2005a became available and were consulted after the cruise.
We analysed the occurrence of the various species in relation to average station gear depth, and to temperature and salinity measured by a conductivity-temperaturedepth recorder (CTD) 8-10 m above the bottom immediately before the start of each trawl station. Many of the species had very high catches on single stations, causing a high degree of heteroscedacity. This bias can be handled with multivariate logistic regressions, which was therefore chosen. The analyses were performed (in SPSS 13.0) with a backward stepwise model building.
We examined the independent variables (temperature, salinity and depth) for multicollinearity by computing the variance inflation factor (VIF) for each variable, as the reciprocal of 1-R 2 for the regression of each variable on both of the others. A VIF value of 4.0 or higher is customarily used as a criterion to suggest a multicollinearity problem. The VIF values for temperature, salinity and depth (1.804, 1.001 and 1.010, respectively) were far below the critical value.
To avoid overfit tea models, i.e. models in which significant relationships could occur due to noise, we employed a 10 : 1 ratio of data points of interest in relation to number of variables. Following this, only species with positive records at 30 or more stations were analysed, with the exception of Icelus bicornis , of which the 27 positive records was close to a 10 : 1 ratio.
We excluded the following pelagic species: Mallotus villosus , Maurolicus muelleri , Clupea harengus , Nansenia groenlandica , Argenitna silus , Boreogadus saida and Arctozenus risso , but included gadoid species that can be classified as pelagic, but spend much of the time close to the bottom: Gadus morhua , Pollachius spp., Micromesistius poutassou , Trisopterus esmarkii and Gadiculus argenteus.
Results
Altogether 58 demersal fish species were represented in the material (Table 1) . Of these, eight species were distributed over practically the whole sampling area G. morhua , Melanogrammus aeglefinus , Sebastes marinus , Artediellus atlanticus , Careproctus derjugini , Anarhichas lupus , A. minor and Hippoglossoides platessoides (Fig. 2) , whereas the other species were confined chiefly to either the southern and western waters influenced by the Atlantic current, or to the cold waters in the north and east near the Polar Front. In the south and west, 11 species showed a wide distribution extending well into the Bear Island Of the 27 species numerous enough for analysis, none showed a random distribution in relation to the three factors (bottom temperature, depth and salinity) entered in a logistic regression analysis (Table 2) : all the species showed a significant relationship to at least one of the factors, 15 species to two factors and nine species to all three factors. All but one of the 27 species showed a distribution related to temperature, whereas a relation to depth was found for 19, and to salinity for 15 of the species.
Of the 14 species associating with cold water, A. denticulatus, C. derjugini and R. hippoglossoides also associated with deeper water, and T. 
pingeli, T. murrayi, T. nybelini, A. atlanticus, Leptoclinus maculatus, Lumpenus

Fig. 4
Continued lampretaeformis and A. minor associated with shallower water, the latter six species associating with higher salinity as a third variable. Three of the cold water species, Leptagonus decagonus, Lycodes reticulatus and L. rossi, associated with higher salinity as a second variable, and finally I. bicornis associated with lower salinity in addition to cold water. Two of the 12 species associating with higher water temperatures, P. virens and T. esmarkii, showed no significant relationship to depth or salinity, whereas A. radiata, M. poutassou, S. mentella, S. viviparus and C. microps associated with deeper water in addition to higher temperatures. Four species with affinity to warmer water, G. morhua, M. aeglefinus, S. marinus and A. lupus associated with shallower water, and the three latter species also associated with higher salinity. L. gracilis associated with higher temperatures and salinity, whereas H. platessoides associated with higher salinity as a sole factor.
Discussion
The present study was based on a single cruise from one year only. This might limit the general conclusions that can be drawn from the material, especially regarding the distribution of more mobile species. On the other hand, this concentrated sampling facilitates comparability of the sampling stations, and thereby analysis. On account of this, combined with the dense grid sampling applied, the present study offers more precise distributional information for the species of which range maps have been based on more or less unspecified information, both regarding time periods and sampling methodologies. As expected in an ocean area like the Barents Sea, with warmer water from the south meeting cold subzero polar water, the distribution of most of the fish species was associated with temperature. In general, a warm water fish fauna dominated by Gadidae and Scorpaenidae was found to the south of the Polar Front, whereas the true cold water fauna started to appear near the Polar Front and consisted primarily of several species of Cottoidea, Cyclopteroidea, Zoarcidae and Stichaeidae. For more details on the distribution and population changes of the commercially important gadoid and scorpaenoid species, and Reinhardtius hippoglossoides, see Bergstad et al. (1987) , Stiansen et al. (2005) , Aglen (2006) , Hauge (2006) , Høines (2006) and Nedreaas (2006) .
Many species also showed an association with depth and/or salinity. Studying the variation in salinity in the south-westernmost part of the Barents Sea over a period of 29 years, Ingvaldsen et al. (2006) held that so far no effect on the occurrence of organisms has been found to be related to a recent increase in salinity. Our results indicate that an increased salinity might potentially affect several species, benefiting those that also associate with warmer water, such as Melanogrammus aeglefinus, Sebastes marinus and Anarhichas lupus, but the effect of salinity specifically could be difficult to reveal, as high salinity is typical of inflowing Atlantic water, which is warmer.
The distribution of non-commercial demersal fish has been poorly known in the Barents Sea, as revealed from the discrepancies between the distribution maps shown in the two standard handbooks most often used for the area: Whitehead et al. (1984 Whitehead et al. ( , 1986a and Pethon (2005) . In these, the distribution maps disagree strongly Table 3 Revision of ranges compared with the most recent handbook maps: (1) Whitehead et al. (1984 Whitehead et al. ( , 1986a and (2) Pethon (2005) . Taxonomic revisions in Liparidae refer to (3) Chernova (1988) and (4) Chernova (2005a, b) .
